The main aim was to measure the incidence of latent tuberculosis infection (LTBI) and identify risk factors associated with infection. In addition, we determined the number needed to screen (NNS) to identify LTBI and active tuberculosis. We followed 129 prisoners for 2 years following a negative two-step tuberculin skin test (TST). The cumulative incidence of TST conversion over 2 years was 29·5% (38/129), among the new TST converters, nine developed active TB. Among persons with no evidence of LTBI, the NNS to identify a LTBI case was 3·4 and an active TB case was 14·3. The adjusted risk factors for LTBI conversion were incarceration in prison number 1, being formerly incarcerated, and overweight. In conclusion, prisoners have higher risk of LTBI acquisition compared with high-risk groups, such as HIV-infected individuals and children for whom LTBI testing should be performed according to World Health Organization guidance. The high conversion rate is associated with high incidence of active TB disease, and therefore we recommend mandatory LTBI screening at the time of prison entry. Individuals with a negative TST at the time of entry to prison are at high risk of acquiring infection, and should therefore be followed in order to detect convertors and offer LTBI treatment. This approach has a very low NNS for each identified case, and it can be utilized to decrease development of active TB disease and transmission.
INTRODUCTION
Incarceration is a recognized risk factor for tuberculosis (TB) infection. The median estimated annual incidence rate ratio for latent tuberculosis infection (LTBI) in five prisons in the USA and one in Brazil was 26·4 (interquartile range (IQR) 13·0-61·8) compared with the general population [1] .
Rangaka et al. and World Health Organization (WHO) highlighted in 2015 that if elimination of TB is desired, containment of the reservoirs, or seedbeds, of infection is essential [2] .
In order to identify most at-risk groups and prioritize LTBI testing in a way that is feasible, WHO divided conditions predisposing to active TB into three categories [3] , for systematic testing and treatment of LTBI: high-risk group, where screening is deemed necessary; a medium-risk group, where screening should be considered; and a low-risk group, for whom LTBI screening is not recommended. Individuals in prisons are included in the second, medium-risk group. The limitation of the recommendations stems from the low to very low quality of evidence they are based upon [3] .
Active TB in prisons has been shown to be 22-fold higher than the levels seen in the corresponding general population [1, 4] . The high incidence of active disease is likely multi-factorial and can be attributed to co-existence of multiple risk factors as a result belonging to population groups already at high risk of TB infection and TB disease (e.g. low socio-economic strata, alcohol or drug users, homeless people, nutritionally deficient, mentally ill individuals, former prisoners, and immigrants from areas with high TB burden) [5] . The prison setting serves as an accelerator by adding overcrowding, and confined space that further augment the risk of transmission [1, 6, 7] . The high turnover rates of prisoners, inadequate access to diagnostic microbiology and imaging and difficulties in implementing adequate infection control standards contribute to transmission of Mycobacterium tuberculosis. For example, in a previous study from two prisons in Colombia, we reported prevalence of tuberculin skin test (TST) positivity of 77·6% in densely populated prisons, a LTBI prevalence significantly higher than the general population [8] .
An early diagnosis of LTBI is important in order to initiate treatment of LTBI, and consequently, reduce the risk of developing active TB. This approach provides benefits to both infected and susceptible inmates inside prisons. The incidence of recent conversion of TST reported in Maryland prisons was 6·3 per 100 person-years, and the use of broader coverage levels of isoniazid prophylaxis reduced the risk of infection by 50% [9] .
Currently, available regimens for the treatment of LTBI have an efficacy ranging from 60% to 90%, the protection of which can last for up to 19 years [3] . For infected individuals in population groups with a high risk of progression to active disease, the anticipated benefits are usually greater than the potential harms (such as drug related hepatotoxicity, etc.), and incarceration provides an opportunity for provision of observed therapy increasing the chance for completion in a relatively young population that is less likely to access healthcare otherwise. It is thus important to identify which groups would benefit most [10] . The 2015 WHO guidelines on the management of LTBI highlight that one of the priority research gaps is to 'measure the risk of progression from LTBI to active disease in a number of risk groups is crucial to determine the potential benefits of LTBI treatment and design appropriate public health interventions' [4] .
In this cohort study, we focused on the individuals with no evidence of LTBI at the time of initial testing in order to assess the risk of transmission within the prison, as they represent highly susceptible individuals in a high incidence setting for active TB (500 cases/ 100 000) [11] . To address this gap in the context of high prevalence setting of a Colombian prison, we determined the rate of TST conversion among inmates with a negative test upon initial screening, and the rate of active TB diagnosis among those TST negative, and investigated the risk factors associated with the incidence of LTBI.
METHODS

Population
One hundred and eighty-six prisoners followed in the previous study were enrolled for the current cohort [8] . Their follow-up started after initial negative TST twostep applications as previously described on November 2012 to December 2013 [8] , and continued for up to 2 years to determine the incidence of LTBI, between February and April 2015.
Inclusion criteria
Individuals who had TST two-step administration, who voluntarily agreed to participate in the study and signed the consent form.
Exclusion criteria
Exclusion criteria were: (1) administration of live vaccines in the 4 weeks before TST administration, (2) severe adverse event with a previous TST administration, (3) previous active TB, and (4) people who were no longer incarcerated in prison (liberated or moved into house detention) living outside of Medellin or Itagüí because of the impossibility to follow-up.
Study setting
The study took place in two male prisons in Medellin (Establecimiento Penitenciario y Carcelario de Mediana Seguridad de Medellín) and Itagui (Establecimiento Penitenciario y Carcelario La Paz). Prison 1 (P1) in Medellin has a population of 5761 (capacity: 2008, overcrowding of 187% above capacity), and prison 2 (P2) in Itagui has 1014 prisoners (capacity: 328, overcrowding of 209% above capacity). The capacity of the P1 changed compared with our previous publication, due to renovations and temporary closure of one of the wings with transfer of prisoners to other facilities. The active TB incidence in P1 ranged between 505/100 000 [11] in 2012 and 920 per 100 000 in 2016. The TB incidence in P2 ranged from 591 cases per 100 000 in 2015 to zero cases in 2016.
In P1, active TB cases are isolated in a separate infirmary area with five rooms of up to 2-6 individuals per room. In P2, there is a single isolation room accommodating up to two individuals.
LTBI screening is not routinely performed nor is LTBI treatment offered by health administration in these prisons. All tests have been performed in the context of this research project. Our group provides TB education to prison administrators and inmates and regularly participates in health authority committee. We continue to advocate for implementation of routine LTBI screening and treatment. Our efforts contributed to active TB case finding and we endeavor to highlight the importance of LTBI.
Procedures
Two years after the recruitment to original observational cohort, a third TST was administered according to Centers for Diseases Control and Prevention recommendations. Reading was performed by experienced research nurses 48 or 72 h after TST administration and measured in millimeters (mm) induration.
The main outcome was the TST conversion defined as an induration of 510 mm diameter with a difference of at least 56 mm diameter between the second (booster application) and third administration [12] .
People who were no longer incarcerated in prison (liberated or moved into house detention) at the time of the third TST were contacted by phone to request the participation in follow-up that would be conducted according to their preference, either at home, at the work place, or in our university.
We did not test for HIV because in a previous study we estimated that the prevalence of HIV was 2·1% (26/ 1238) overall, and 4·2% (3/72) among individuals with active TB [11] .
Follow-up
All prisoners were assessed for the presence of symptomatic TB. Presence of lower respiratory symptoms, defined as a cough of any duration and/or expectoration, and abnormal breath sounds on lung auscultation triggered further study and collection of smear and culture. Sputum samples were obtained and processed by health authorities. This protocol was followed for the duration of the study irrespective of TST result (for both TST+ and TST− with the above symptoms).
We also studied all converters to rule out active TB between May to October 2015 by state health authorities using sputum (spontaneous or induced according to sputum production) acid-fast smear, culture and GeneXpert, and chest X-rays. The presence of active TB was recorded for all participants.
Finally, for those prisoners that were released or transferred to another prison, we verified in the mandatory notification system (SIVIGILA) if any of that prisoner was diagnosed with active TB.
Analysis
We determined the incidence of positive TST in prisoners. To elucidate the factors associated with a positive TST result, we performed a bivariate analysis, estimating the relative risk (RR) and the 95% confidence interval (CI). Any of the variables that attained a P < 0·25, as well as the presence of bacillus Calmette-Guérin vaccine (BCG) scar were included in a binomial regression. The RR and 95% CIs are reported and adjusted for age, prior incarceration, time of actual incarceration, contact with a TB case before TST administration, and BCG scar, factors previously reported to be associated with TB infection. As we found in a previous study that the two prisons differed markedly in the prevalence of positive TST, the standard errors for bivariate and multivariate analysis were adjusted by the cluster effect for each prison. The numbers needed to screen (NNS) in order to detect one LTBI case and active TB cases were estimated in those who were screened with TST. Analysis was performed using STATA ® version 11.0 and SPSS ® version 20.0 software.
RESULTS
Among 129 prisoners that we could follow and who were TST negative at the outset, the incidence of TST conversion over 2 years was 29·5% (38/129) (Fig. 1) .
Forty-one percent (53/129) of people had a prior contact with a TB case (outside or inside prison), among them 77% (41/53) of the contacts were with a prisoner. After 2 years of follow-up, 22% (29/129) were released from prison. The median time spent in incarceration was 26 months for those released (IQR 21-45 months) ( Table 1) .
The risk factors associated with LTBI acquisition were incarceration in P1, being formerly incarcerated, and overweight (body mass index 525 kg/m 2 ) ( Table 2) .
Ten individuals developed active TB during follow-up among 129 (8%), of these nine were new TST converters (four by culture, four by GeneXpert, and one by smear), (Incidence TB rate: 6976/100 000). All nine individuals were asymptomatic at the time of TST application, and active TB was diagnosed 5-8 months after the documented conversion. An additional person developed active TB at month 16 after an initial negative TST and prior to the third TST administration. Because we do not know if this person was a new converter or TST negative, we included nine individuals for all estimations. All prisoners diagnosed with active TB received anti-tuberculous therapy.
The NNS to detect a new LTBI case for 2 years was 3·4 (129/38), and the NNS to detect an active TB case among TST converters was 14·3 (129/9).
DISCUSSION
In this study, we performed a prospective follow-up on a previous cohort in two Colombian prisons, in which we documented very high LTBI prevalence (77·6%) at the time of initial TST [8] . We hypothesized that this population may be at high risk and require prioritizing for follow-up and treatment. We therefore followed this group of susceptible inmates with an initial negative TST in order to determine the rates of TST conversion and the rate of active TB diagnosis over 2 years. Individuals with a negative test upon initial screening accounted for less than a quarter of inmates, and of 129 individuals with negative TST at the time of incarceration, 38 developed a reactive TST within 2 years of follow-up representing 29% (annual risk of 14·5%) for TST conversion. This annual risk of Fig. 1 . Flowchart of people included in the study. The prevalence of LTBI was published before [8] . *Not availableused to designate individuals that were absent due to legal procedure (court subpoena, etc.).
tuberculous infection (ARTI) in prisoners was higher than the median estimated ARTI reported among healthcare workers [between 2·9% (IQR 1·8%-8·2%) and 8·7% (IQR 3·9%-10·5%)] [13] , and the ARTI in children (between 0·8% and 4·2%) depending on the method and the setting's TB incidence rate [14] [15] [16] .
The prevalence of LTBI reported in high-risk groups for whom systematic testing and treatment of LTBI is recommended [3] ranges between 3·5% and 76% [17, 18] , and the TB incidence rates between 4·89 and 14·1 per 1000 person-years [19, 20] , and an annual conversion of 2·8% in patients with dialysis [21] . In the medium-risk group, the prevalence of LTBI ranges between 33% and 87·6% [1, 8, 22, 23] , and the TB incidence rates between 9 and 5780 per 100 000 in healthcare workers [22] , to 61 and 6799 per 100 000 in prisoners [1] . Among low-risk group, the prevalence of LTBI ranges between 28·2% and 51·3% [24, 25] , and the incidence of TB was 16·2 cases per 100 000 person-years in patients with diabetes [26] .
Despite the high risk, the WHO guidelines [3] published in 2015 grade the need for screening for LTBI in prisoners at the intermediate level 'should be considered' instead of the 'should be performed' recommendation, reserved for the highest risk groups.
Moreover, 9/38 TST converters developed active disease within the follow-up period, indicating they represent an extremely high-risk group for not only acquisition of M. tuberculosis but also for progression to active disease, highlighting the need for screening. If a LTBI screening is to be implemented at entry to prison, follow-up of both positive and negative to TST is required. Individuals with risk factors for TB but without respiratory symptoms should be re-evaluated if respiratory symptoms develop. TST negative prisoners require follow-up every year in order to identify early converters, thus creating an opportunity for LTBI treatment and prevention of onward transmission. High priority for recent LTBI converters with targeted questioning, examination, radiography, and sputum studies may be warranted.
The high incidence of LTBI in prisons results in high costs of microbiology and radiographic screening among this vast population. In resource-limited setting, follow-up and management of all LTBI is rarely feasible, hence frequently not attempted [27] . The individuals with non-reactive TST are susceptible to M. tuberculosis acquisition and represent sentinels for TB transmission in prisons. The high rate of TST conversion representing recent M. tuberculosis acquisition resulted in a very low NNS in order to detect a LTBI case of 3·4 in those people with an initially negative TST. Because of the converging risk factors for progression to active TB among prisoners, the NNS to detect an active TB case was also very low at 14·3. In the WHO systematic review, the NNS in order to identify one case of active TB among HIV-infected ranged between 10 and 61 and among household contacts between 14 and 64 [4] depending on whether the country or setting had a high, moderate, or low TB incidence. The same systematic review identified a much lower risk and therefore a larger NNS among prisoners [4] . Based on the findings in the prisons studied, we propose that the risk is higher among people entering prison with negative TST, representing a segment of prisoner population at exceptionally high risk for acquisition of M. tuberculosis infection; hence, targeted screening and follow-up over time is associated with a low NNS [4] . We believe that this approach may be useful in other high incidence prison settings.
Prisons have multiple socio-economic and environmental factors that enable TB transmission. Dara et al. reported that some factors that contribute to the transmission are: overcrowding, poor ventilation, lack of surveillance, case detection and contact tracing, inadequate treatment of infectious cases, and weak implementation of control measures [28] . In addition, population density has been associated with the risk of exposure; thereupon, the likelihood of one susceptible person being exposed to an infectious case increases with population density [29] . The documented relationship between population density and TST conversion indicate that crowded conditions facilitate TB transmission [9, 30] . In fact, Stuckler et al. showed that when prisons have excessive growth in their population, it is necessary to put particular emphasis on controlling TB transmission. An increased number of prisoners is a determinant for TB and multi-drug-resistant TB prevalence and incidence [30] .
In Eastern Europe and Central Asia, the increase in incarceration rates has been associated with up to 60% increase in TB and multi-drug-resistance rates in the community [31] .
TB control requires efficient programs to identify new breaches according to the epidemiological situation in each country, considering their economic resources, in order to respond to the need of each population [32] . Albeit, the vast majority of prisons worldwide have not implemented programs for this situation. Vinkeles Melchers et al. showed that approximately 21% of those studies reflected the lack of healthcare programs in prisons [33] , which allows for an easier transmission between inmates, prison workers, visitors, and general population [28, 34] . This is a critical problem since outbreaks in prisons have been associated with the increase of TB in the community [30] . This scenario results in serious implications for public health programs, because the prisoners are commonly released and returned to the community [31] even before they have completed their treatment, and without follow-up appointments outside of the prison settings [30, 31] .
The main limitations of the study were that we could not follow all TST-negative prisoners; therefore, the incidence of TST could represent an underestimate. We reviewed the mandatory reporting system of public health diseases and did not find those prisoners among those diagnosed with active TB, and therefore believe our findings are representative. Another limitation is the fact that LTBI screening and treatment were not recommended for prisoners in Colombia at the time of the study, nor was there access to LTBI treatment. Study participants did not receive isoniazid and we could not evaluate the impact of this intervention.
Based on our findings, we recommend the inclusion of follow-up with TST among initially negative inmates, with a follow-up every year to detect new converters, and offer them LTBI treatment. The study illustrates the high risk of TB acquisition among initially uninfected inmates as well as a very high risk of development of active TB. This subgroup had a risk that is comparable or higher than most groups for which routine screening for LTBI 'should be performed' based on WHO guidelines, and the low NNS to identify LTBI or active disease suggest that this approach may be feasible, effective, and benefit the prison population as well as the community at large, even in resource-limited settings. The potential effect of a comprehensive TB control program that includes LTBI management in prison contributed to a 73% decrease in the TB incidence in New York State Department of Correctional Services [35] . Further follow-up and assessment of the impact of this proposed intervention (i.e. LTBI treatment or active TB treatment) on in-prison transmission and transmission to the community are necessary.
Because LTBI screening and treatment are not recommended for prisoners in Colombia at the time of the study, nor is there access to LTBI treatment, participants did not receive isoniazid. We advocate for access to LTBI screening and treatment for inmates, which has not yet been accepted or funded.
